Various trials have been conducted evaluating depression management programs for patients with Coronary Heart Disease (CHD). However, to date, the most effective way to manage this co-morbidity in the real world setting remains unclear. To better understand the past successes and failures of previous trials and subsequently develop suitable interventions that target key components of health related quality of life (HRQOL) such as mental, physical and vocational functioning, we first need to understand the mechanisms underpinning the relationship between the two conditions. This paper will draw on the key literature in this field as identified by psychiatric, medical and social sciences databases (Cochrane Central Register of Controlled Trials, PubMed, OVID, Medline) available up to January 2012, with the aim to conduct a narrative review which explores: the aetiological relationship between depression and CHD; its association with HRQOL; the relationship between CHD, depression and vocational functioning; and the impact of depression treatment on these outcomes. Key recommendations are made regarding the management of this prevalent co-morbidity in clinical settings.
estimated to affect one in five hospitalised myocardial infarct (MI) patients (Bush et al., 2005) . This co-morbidity is particularly problematic because CHD patients with depressive symptoms are more likely to experience poorer behavioural, psychological and clinical outcomes, including increased likelihood of morbidity and mortality, compared with those who are not depressed. In MI patients, a landmark study by Frasure-Smith, Lesperance, and Talajic (1995) revealed that the presence of depression was significantly related to 18-month cardiac mortality (FrasureSmith et al., 1995) . This finding has since been corroborated; others have demonstrated that even mild to moderate depressive symptoms in post-MI populations are associated with decreased survival (Bush et al., 2001) . While it may seem intuitive that individuals who have experienced a life threatening event would report negative emotions such as low mood in the ensuing recovery period, the relationship between cardiovascular disease (CVD) and depression is much more complex; the conditions may act bi-directionally rather than causally. Gaining a better understanding of the nature of these two conditions is of great importance; both in understanding the role of psychosocial factors in the relationship between CVD and depression and for the development of appropriate treatment programs if they are to effectively impact on key components of HRQOL including mental, physical and related functioning outcomes. Therefore, this paper will draw on the key literature in this field as identified by psychiatric, medical and social sciences databases (Cochrane Central Register of Controlled Trials, PubMed, OVID, Medline) available up to January 2012, with the aim to conduct a narrative review which explores: the aetiological relationship between depression and CHD; its association with HRQOL; the relationship between CHD, depression and vocational functioning; and the impact of depression treatment on these outcomes. Key recommendations are made regarding the management of this prevalent co-morbidity in clinical settings.
Depression as a Risk Factor for CVD
While depression is a prognostic indicator for a range of outcomes in patients with existing CHD including increased risk of heart failure (May et al., 2009) , suicide (Larsen, Agerbo, Christensen, Sondergaard, & Vestergaard, 2010) , reduced health service utilisation (Frasure-Smith et al., 2000) and medication adherence, depression is also considered an independent risk factor for the onset of heart disease (Van der Kooy et al., 2007) . The presence of depressive symptoms before the onset of a cardiac condition appears to increase the risk of cardiac fatality (Whang et al., 2009) . In fact, those with a history of depression are four times more likely to have a MI than those without (Pratt et al., 1996) . Indeed, there is evidence that the presence of depressed mood in the preceding hour may trigger potentially life-threatening cardiac events (Steptoe, Strike, Perkins-Porras, McEwan, & Whitehead, 2006) . For example, by comparing the depressed mood of 295 Acute Coronary Syndrome (ACS) patients two hours prior to ACS symptom onset with the same period 24 hours earlier and with usual levels of depressed mood, rate variability, pro-inflammatory cytokines, platelet activation, genetics, risk factor clustering, medication noncompliance, anger and anxiety, demographics and psychosocial factors will now be explored in more detail.
Aetiological Relationships Between Depression & Heart Disease

Hypothalamic-Pituitary-Adrenal (HPA) Axis Hyperactivity and Cortisol Elevation
There is evidence to suggest that depression elicits the same biological responses that contribute to ACS (Steptoe et al., 2006) . Firstly, it should be noted that depression has traditionally been associated with hyperactivity of the hypothalamic-pituitary-adrenocortical (HPA) axis, as an extension of the 'fight or flight response.' This term was coined to explain the response of a person to threat, characterised by a discharge of the sympathetic nervous system enabling a person to either fight or flee danger ("Bodily Changes in Pain", 1929) . The result is an overstimulation of the sympathetic nervous system, which increases circulating levels of adrenaline, noradrenaline and serum cortisol. This response has the potential to contribute to increased cardiovascular risk through a variety of related risk factors, including those consistent with the metabolic syndrome (high lipid levels, obesity, elevated blood pressure, insulin resistance). It is possible, however, that these physiologic responses may vary for different severities of depression. Abnormal HPA axis function resulting in hypercortisolaemia (high amounts of circulating cortisol) has been associated with severe depression. Evidence suggests that those with MDD exhibit blunted reactivity (Burke, Fernald, Gertler, & Adler, 2005) , whereas this process may differ for those with milder cases of depression. It is likely that patients with less severe depression show a reduced cortisol response to stress and have low or normal ambulatory measures of cortisol (Taylor et al., 2006) . Despite these advances in knowledge, the extent to which HPA activity mediates the relationship between CHD and depression (of varying degrees) remains unclear. Disentangling this relationship by observing the effects of depression treatment on HPA activity has failed to provide clarity; this may be because altering HPA activity via psychological interventions is considered particularly difficult to achieve. For example, Taylor et al. (2009) randomised 48 depressed participants with elevated cardiovascular risk factors to a cognitive behavioural therapy (CBT) intervention or a wait list control (WLC) condition to determine whether achieving improvements in mood would ameliorate autonomic dysregulation, HPA dysfunction, typical risk factors and C-reactive protein (CRP). Traditional risk factors (such as lipids and blood pressure), CRP and psychophysiological stress tests were assessed preand post-treatment after six months. Results indicated that, while the CBT subjects were significantly less depressed than those assigned to the WLC (post-intervention Hamilton Rating Scale for Depression (HRSD) mean scores were 5.5 versus 15.5, respectively), no significant differences in any of the traditional risk factors or psychophysiological measures (with the exception of triglyceride levels and heart rate) were observed. Further, 20 non-depressed, age and risk-matched controls exhibited no change in the variables measured during the same time (Taylor et al., 2009) . Despite limited generalisability due to the small sample, the authors concluded that alterations in mood have limited impact on HPA activity, traditional or atypical risk factors, cortisol or cardiophysiology; a finding which contradicts the conventional wisdom that depression is linked to increased cortisol levels and HPA dysfunction (Gillespie & Nemeroff, 2005) . Interestingly, this study did, however, highlight the role of another key mechanism thought to underpin the relationship between heart disease and depression, Heart Rate Variability (HRV). disease and major depression. Changes in the ANS, such as heart rate variability, are commonly linked with cardiac function (Musselman, Evans, & Nemeroff, 1998) . It is also well established that depression can impact the autonomic control of the cardiovascular system, thereby impeding cardiac functioning. Typically, depressed patients have been found to experience elevated resting heart rate, even when adjusting for confounding factors such as medication usage. In a review, Carney and Freedland (2009) identified higher resting heart rate as a common feature of both CHD patients with depression, and medically well patients with depression. The mechanism linking the two conditions has been identified as excessive sympathetic activity (or, alternatively, reduced parasympathetic nervous system activity) found in depressed patients, which can promote myocardial ischaemia or other related cardiac conditions. However, research in support of this remains inconsistent. Findings from the Heart and Soul study, comprising a sample of 873 outpatients with stable CHD found little evidence of an association between depression and HRV, leading the authors to question HRV as the fundamental mechanism linking depression and CVD (Gehi, Mangano, Pipkin, Browner, & Whooley, 2005) . Several limitations have been associated with this study, however, including its cross-sectional design.
Others have examined the effects of depression treatment on cardiovascular outcomes as another means by which to explore the role of HRV. Studies evaluating the use of psychological interventions in patients with high CVD risk (Carney et al., 2000; Taylor et al., 2009 ) have demonstrated some benefits; depression treatment can effectively reduce HRV in this population. However, meta-analyses and other studies have revealed that, in spite of the benefits, the effects of psychological therapy do not translate to reduced cardiovascular mortality or morbidity (Rees, Bennett, West, Smith, & Ebrahim, 2004) .
Elevated Plasma Levels of Pro-Inflammatory Cytokines Leading to Atherosclerosis
Another mechanism thought to be associated with CHD and depression is inflammation. Inflammatory changes are common characteristics of both heart disease and depression. The underlying inflammatory component of ACS is atherosclerosis-the build up of plaque in the arteries. This inflammatory component is also a physiological characteristic associated with depression. For example, patients with depression have been found to exhibit elevated inflammatory markers, including interleukin-6 (IL-6) and CRP (a non-specific measure of inflammation). Moreover, IL-6 and CRP are significant predictors of various outcomes in patients with ACS (Hartford et al., 2007) and other inflammatory conditions (e.g. stroke (Muir, Weir, Alwan, Squire, & Lees, 1999) ). Circulating IL-6 induces the release of CRP, as well as other inflammatory markers, making IL-6 a strong independent marker of increased mortality in those with unstable Coronary Artery Disease (CAD) (Lindmark, Diderholm, Wallentin, & Siegbahn, 2001 ). Interestingly, the presence of high levels of CRP has also been found in non-depressed patients at risk of CVD, as well as in depressed samples without known CVD. A meta-analysis has demonstrated that both CRP and IL-6 are positively associated with depression (CRP: Standardised mean difference (SMD) = 0.15, 95% CI = 0.10,0.21; IL-6: SMD = 0.25, 95% CI = 0.18,0.31, indicating a high level of significance). Sub-group analyses revealed similar results both in clinical and community samples (Howren, Lamkin, & Suls, 2009 ).
In cardiac patients with co-morbid depression, the association with IL-6 and CRP is complex. Patients with severe post-ACS depressive symptoms exhibit higher levels of CRP and IL-6 than those with mild symptoms. In fact, it has been estimated that patients with the most severe depression record CRP levels > 50% higher than patients in the middle and lowest range (Miller, Freedland, Duntley, & Carney, 2005) . It has been argued that such trends are responsible for the effect of atherosclerosis on ACS. As cortisol is responsible for suppressing pro-inflammatory cytokines, the hypo-pituitary response to stress exhibited by these patients is subsequently inadequate, making individuals with depression more susceptible to, or less equipped to respond to stress. A review by von Känel, Mills, Fainman, & Dimsdale, (2001) highlighted the common pathophysiologic characteristics of depression and stress reactivity. In addition to elevated plasma levels, other common features include increased blood pressure, heart rate, arousal mobilisation of energy stores and elevated risk of ventricular fibrillation. Recently, evidence has emerged suggesting that increased inflammation explains only a small proportion of the relationship between heart disease and depression (Davidson et al., 2009 ). This is supported by earlier data from the Heart and Soul study which suggest that inflammation is unlikely to explain the adverse CVD outcomes linked to depression in those with heart disease (Whooley et al., 2007) . These findings have led researchers to focus on other possible mechanisms linking depression and heart disease such as platelet activation and hypercoagulability.
Platelet Activation and Hypercoagulability
Increased platelet activation is another common physiological feature of both ACS and depression. There is evidence that depression is associated with increased platelet activation ( in patients with atherosclerosis but not in healthy subjects. More specifically, the authors found that chronic psychosocial stressors, namely job strain and those associated with low socioeconomic status, were found to be related to a hypercoagulable state, which may be responsible for, or contribute to, a depressed state and/or atherosclerosis (von Känel et al., 2001 ) (the role of demographic and psychosocial factors in the relationship between heart disease and depression will be discussed in further detail later in the review).
However, evidence from large scale studies (e.g. the Heart and Soul study (Gehi et al., 2010) ) has challenged the idea that increased platelet activation, a previously putative mechanism, is the underlying mechanism linking depression to CVD. Using a cross-sectional design, Gehi and colleagues (2010) assessed platelet activation in 104 patients with stable CHD (n = 58 with a current episode of major depression and n = 46 without past or current major depression). Platelet activation was measured by plasma concentrations of platelet factor 4 (PF4) and betathromboglobulin (β-TG), and by urinary concentrations of 11-dehydro-thromboxane B2 (TBXB2). The authors found no differences in mean levels of PF4, B-TG or TBXB2 in patients with and without major depression, even after adjusting for covariates such as medication and aspirin usage, age, and smoking. The authors concluded that the association between depression and cardiovascular disease is not attributable to platelet activation among patients with stable CHD (Gehi et al., 2010) .
Genetic Factors and Predispositions
It is known that genetic predisposition plays a role in the initiation of depression and in the pathogenesis of heart disease, either independently or via interactions with extraneous factors. First, there is strong evidence that depression has a hereditary component. For example, in the largest sample to date, a Swedish national twin study found that lifetime MDD was heritable (Kendler, Gatz, Gardner, & Pedersen, 2006) ; first-degree relatives of individuals with MDD were two to three times more likely to develop depression when compared with the first-degree relatives of controls. The mechanism underlying a potential 'depression gene' is thought to be associated with genetic variation related to endothelial dysfunction. Endothelial dysfunction is predictive of depressive symptoms and has been proposed as another mechanism contributing to depression among cardiac patients (McCaffery et al., 2009 ). Animal models have demonstrated that deficits in endothelial function are associated with recent stress exposure, which persist even after stressful stimuli have been eliminated (Williams, Kaplan, & Manuck, 1993) .
The role of endothelial dysfunction in the relationship between CVD and depression has been associated with O'Neil 167 cytokine release. This is either as a result of, or a contributor to, various disease processes, such as those which occur in hypertension, hypercholesterolaemia or diabetes as well as from environmental factors, such as smoking.
These findings highlight the multi-factorial nature of the association between depression and CVD.
Inter-Relationships Among Psychophysiological Factors
Indeed, it is recognised that, due to the complexity of the two conditions, it is unlikely that any single physiological mechanism can explain their relationship. Rather, it is likely that these mechanisms are inter-related (Grippo & Johnson, 2009 ). De Jonge et al. (2010 argues that the aetiological relationship between depression and CVD is "best described as a complex system, consisting of many distinct but inter-related and inter-dependent components linked through multiple interconnections and feedback loops" (de Jonge et al., 2010) . As examples, serotonin has been identified as a catalyst in platelet activation that leads to atherosclerosis, HPA activity which, due to elevated cortisol levels, can result in immune system changes, and the inflammatory nature of atherosclerosis can, itself, promote decreases in central serotonin.
There is also evidence that key lifestyle factors, such as diet, sedentary lifestyles and alcohol, can precipitate depression, heart disease or both. The influence of such biobehavioural factors will now be explored.
Factors Mediating the Relationship Between Depression and Heart Disease Risk Factor Clustering
The presence of depression and its symptoms, including anhedonia (characterised by apathy and lack of pleasure), helplessness and hopelessness, can inhibit the primary prevention behaviours associated with CVD. That is, individuals with depression may be more likely to report risk factor behaviours that contribute to CHD onset, such as smoking and high alcohol consumption. Hughes, Hatsukami, Mitchell, and Dahlgren (1986) found that the prevalence of smoking was higher in those with mental disorders than in the general population, a finding which has also been observed for alcohol use (Sullivan, Fiellin, & O'Connor, 2005) . While there is good evidence that alcohol use can precede the onset of MDD (Hasin & Grant, 2002) , individuals with existing depression may use alcohol as a form of self-medication. In fact, depression has been found to act as a mediator between stress and excess alcohol (Camatta & Nagoshi, 1995) . Interestingly, alcohol consumption has been closely associated with other risk factors for heart disease such as smoking and dietary habits, particularly in depressed populations.
While there is evidence of risk factor clustering in the general population, clustering is more common among people with depression (Verger, Lions, & Ventelou, 2009 Polyunsaturated Fatty acids (PUFAs), compared with non-depressed patients. While the protective effects of Omega-3 result from its anti-inflammatory properties (de Jonge et al., 2010) , evidence of the full effects of PUFAs remains conflicted. Large scale, international studies have also found no association between depression and Omega-3 deficiencies (Hakkarainen et al., 2004) . Despite this, there remains some long standing evidence of the benefits of Omega-3 fatty acids on CVD-related risk factors including reducing blood pressure (Appel, Miller, Seidler, & Whelton, 1993) and triglycerides.
Additionally, the association between depressive symptoms and high risk behaviour related to alcohol, smoking, physical activity and diet may precipitate other medical conditions, such as diabetes mellitus (Dunbar et al., 2008) , overweight and obesity, hypertension, and hypercholesterolaemia, all associated with the onset of heart disease.
Indeed, the inextricable link between depression, heart disease and lifestyle factors suggests that a multi-faceted approach may be required when developing appropriate depression management or secondary prevention interventions in this patient population.
Evidently, lifestyle as a mediating factor in the relationship between depression and heart disease affects both primary CVD prevention activities, as well as secondary prevention behaviours. Important components of the latter, adherence to cardiac rehabilitation programs and medication regimes can often be compromised by the presence of depression after a heart event, increasing the risk of recurrent CVD events.
Noncompliance With Cardiac Rehabilitation and Medical Regimens
The World Health Organisation (WHO) considers cardiac rehabilitation "an integral component in the overall management of patients with CVD" (World Health Organization Expert Committee, 1964). While it is recommended that patients who are hospitalised with heart disease as an index admission are referred to early outpatient rehabilitation (Thomas et al., 2007) , evidence suggests that patients experiencing depression post-discharge are less likely to complete a cardiac rehabilitation program compared with their non-depressed counterparts (Roblin, Diseker, Orenstein, Wilder, & Eley, 2004) , increasing the likelihood of a recurrent CVD event. For these patients, increased attrition levels may be due to the cognitive and/or somatic symptoms of depression including hopelessness, reduced motivation, social exclusion, fatigue and helplessness. In any case, noncompliance to rehabilitation and medical regimes in this population has been identified as "a formidable problem impacting on the failure of risk-reduction therapies, on patient morbidity, and on health care costs" (Burke, Dunbar-Jacob, & Hill, 1997) . The presence of depression, has been specifically linked with the under-utilisation of appropriate health services (Frasure-Smith et al., 2000) and poorer self-care, specifically in relation to medication adherence. Kronish and others (2006) found that patients with persistent post-ACS depression differ significantly in their level of adherence to medications prescribed for their cardiac condition, compared with those who did not exhibit depression in hospital (Kronish, et al., 2006) . Interestingly, the presence of other negative emotions, such as anxiety, in cardiac patients has recently been shown to be associated with better medication adherence (De Jong et al., 2011) . The relationship between depression, anxiety and CVD will now be discussed.
Anxiety and Anger
Similarly to depression, there appears to be a bi-directional, rather than purely causal, relationship between anxiety and CVD. Anxiety is both highly prevalent in patients with existing CHD (Serber, Todaro, Tilkemeier, & Niaura, 2009 ) and has been shown to independently predict subsequent CVD events over decades (Janszky, Ahnve, Lundberg, & Hemmingsson, 2010) . Anxiety is thought to produce an activation of inflammation, coagulation and fibrinolysis (Geiser et al., 2008) , common characteristics of CVD. Given that anxiety and depression often These findings have led some to argue that clinically meaningful distinctions of distress in CAD patients need to be considered (de Jonge & Ormel, 2008) , if this relationship is to be truly understood, and should be considered in the development of treatment programs for this population.
Further, the role of personality traits, hostility and anger, have been identified as having the potential to alter one's susceptibility to CHD onset. Chida and Steptoe (2009) conducted one of the first quantitative systematic reviews in this area, and found that anger and hostility were significantly correlated with poorer prognosis in CHD patients.
If appropriate treatment programs are to be provided for patients after a heart event, the role of negative mood and traits, as well as other psychosocial factors, may need to be taken into consideration.
Demographic Factors
Depression has been significantly associated with social isolation (Finkelstein, O'Connor, & Friedmann, 2001 ), chronic life stressors (Kessler, 1997) and maladaptive coping style in both cardiac (Allman, Berry, & Nasir, 2009) and other populations (Benson et al., 2010) . It is well established that these factors can be mediated by demographic variables such as gender, social economic status (SES) and income, and have also been linked to cardiovascular risk. For example, a gradient exists between SES and depression risk among individuals with chronic disease (e.g. diabetes (Golden et al., 2007) ). This trend has also been observed for those with established CHD; those reporting CHD and low SES are more likely to report depression (Mendes de Leon, 1992) . Those belonging to a lower SES may have accentuated cardiac risk factors simply because of their location within the SES hierarchy.
Indeed, those belonging to a lower SES bracket are more likely to suffer adverse cardiovascular events than those reporting high SES (Vieweg, Dougherty, & Bernardo, 1998) . Additionally, low SES, which can translate to poorer standards of living (for example, less exposure to important resources, fresh and healthy foods, safe exercising environments) can act synergistically with other cardiac risk factors such as overweight and obesity, hyperlipidaemia or hypertension, to accelerate the course of atherosclerosis (Vieweg, Dougherty, & Bernardo, 1998) .
Psychosocial Factors
In a similar manner, psychosocial variables like social isolation and low levels of emotional support have been related to both depression and CHD. Social isolation may adversely affect the origin, course, and outcome of heart disease (King, 1997). Evidence indicates that low social support confers a risk of 1.5 to 2.0 in both healthy individuals and in CHD populations (Lett et al., 2005) . This relationship is thought to share the same risk factor pathways as the relationship between SES and onset of CHD. Moreover, recent evidence indicates that the impact of social support on mortality is comparable with other well established risk factors for mortality like smoking (HoltLunstad, Smith, & Layton, 2010).
The way in which one perceives their own physical and mental health functioning -their health related quality of life (HRQOL) -is another psychosocial variable that can provide important insights about the relationship between depression and heart disease. Depression is closely linked to HRQOL. In fact, depression has been identified as the single most important, independent predictor of HRQOL (Lane, Carroll, Ring, Beevers, & Lip, 2001 ) in cardiac populations. The concept of HRQOL has been developed and defined as 'the functional effect of an illness and its consequent therapy upon a patient, as perceived by the patient' (Schipper, Clinch, & Olweny, 1996) . A concept Cardiovascular Disease and Depression 170 traditionally encompassing physical functioning, mental health, social relationships, and happiness or global satisfaction, HRQOL has become of increasing importance in the context of disease populations for several reasons.
It is considered both a determinant in the course and onset of some diseases (e.g. diabetes (Tapp, O'Neil, Shaw, Zimmet, & Oldenburg, 2010) ) and is considered by some, a significant endpoint for evaluating the impact of a disease or treatment.
The concept of measuring HRQOL, however, is contentious. It has been argued that a quantitative instrument to measure, by its very nature, a qualitative concept is an insufficient means by which to gauge an individual's HRQOL status. In addition to the issue of subjectivity versus objectivity, there is contention surrounding HRQOL as a function-based or satisfaction-based measure. For example, HRQOL measures may be used to assess patients' satisfaction with care or the effects of therapy, or alternatively to assess one's functional status as a result of illness.
In spite of these assertions, the importance of investigating the role of HRQOL in disease populations is becoming increasingly apparent. In fact, HRQOL can be predictive of clinical outcomes in patients with chronic disease.
Functional components have been used to predict survival and rehospitalisation in chronic disease populations (Osman, Godden, Friend, Legge, & Douglas, 1997) . Moreover, HRQOL is of increasing importance in the context of health economics as its derivative can often be used to capture Quality Adjusted Life Years (QALYs), a measure of disease burden encapsulating both quality and quantity of life lived.
The relationship between HRQOL, depression and CHD is a complex one. For example, while it is clear that some depressive symptoms such as hopelessness, sadness and anhedonia impact poorly on self-rated health status and thereby HRQOL status (Ruo et al., 2003) , components of HRQOL, like impaired functioning, can also intensify
depression. An example of this is that loss of mental and physical functionality is a strong mediator in the association between depression and chronic disease. Those with depression possess a 34% greater attributable risk of functional limitation (95% CI: 24.8-42.7) (Dunlop, Lyons, Manheim, Song, & Chang, 2004) . The effect of depression is such that symptoms impact cardiac functioning; depressive symptoms can diminish the functional benefits of interventions aimed at improving cardiac functioning (e.g. Coronary Artery Bypass Grafting (CABG) surgery (Mallik et al., 2005) ).
Despite such evidence, surprisingly, the role of HRQOL in populations with co-morbid depression and heart disease remains under-researched (Haas, 2006) . Traditionally, research exploring the impact of depression or depression treatment in cardiac populations has focused predominantly on clinical outcomes. The emerging rationale for an increased focus on HRQOL as both a risk factor and an outcome in this area of research, is two-fold. First, investigating the role of HRQOL in cardiac populations has the potential to shed light on the relationship between depression and CVD, where there remains a deficit in our knowledge. Just as treating depression in CVD populations has not been shown to improve CVD-related outcomes or survival (Berkman et al., 2003) , neither can it be assumed that treating depression will alter HRQOL status. Recently, it has been argued: "As investigators move forward in attempting to unravel the intriguing relation between depression and coronary disease, it will be important to include quality of life indicators as outcomes of interest" (Haas, 2006) . Second, if we are to use our existing understanding of this relationship, with the view to improve patient outcomes, a distinction needs to be made between enhancing quality and quantity of life, which begins with the inclusion of HRQOL indicators. For example, Rumsfeld and Ho (2005) argue for the prioritisation of HRQOL in cardiac research, because for coronary patients, HRQOL outcomes are as important as any potential survival outcomes. Of survival gain, they argue that the benefits are "limited to specific patient subsets and many patients express a desire for quality of life equal to or greater than their desire O'Neil 171 for quantity of life" (Rumsfeld & Ho, 2005) . The complex relationship between depression, CHD and HRQOL will now be explored in more detail.
The Relationship Between Depression and Mental and Physical Functioning (HRQOL) in Cardiac Populations
Traditionally, assessing clinical endpoints such as survival and recurrent CVD events has been considered paramount for monitoring both the recovery of cardiac patients and the effectiveness of rehabilitation interventions, including health coaching and depression management programs. Increasingly, HRQOL outcomes have become of interest in cardiac populations, particularly over the past five years, as evidence has emerged to link clinical and HRQOL outcomes, and to expose the detrimental impact of depression on HRQOL (both in cardiac and other medically ill populations (Gaynes, Burns, Tweed, & Erickson, 2002) ). For example, physical parameters such as body mass index (BMI) and obesity, as well as psychological conditions such as depression and anxiety directly relate to HRQOL status in medically ill patients (Katz, McHorney, & Atkinson, 2000) . In fact, HRQOL has been found to be more strongly and directly related to symptoms of depression than physical components like BMI (Fabricatore, 2005) . Similarly in cardiac populations, while clinical parameters like heart failure severity have been found to impair the physical domain of HRQOL, depression significantly impairs both the psychological and physical domains of HRQOL (Faller et al., 2009; Müller-Tasch et al., 2007) . Additionally, timing of depression onset in relation to a coronary event can impact upon self-rated mental health (O'Neil, Williams, Stevenson, Oldenburg, Berk, & Sanderson, 2012) . 'Early' depression (assessed at an average of six days post-MI) can impact HRQOL long after a cardiac event (Lane, Carroll, Ring, Beevers, & Lip, 2001 ). It has therefore been concluded that depression is the best predictor of HRQOL in MI populations, and can remain detrimental to HRQOL for the ensuing year, or even longer (Drory, Kravetz, & Hirschberger, 2002) . with comparator conditions (placebo/usual care). Significant yet modest effects on physical HRQOL outcomes were also observed (standardized mean difference: -0.14).
The Effects of Depression Treatment on HRQOL of Cardiac Patients
Given that changes in depression and HRQOL appear to be synchronous (Atalay et al., 2010; Caruso et al., 2010) , it may seem intuitive that alterations in depressive symptoms would lead to subsequent improvements in mental HRQOL. However, further research into the role of HRQOL is required in cardiac populations, not only to corroborate the findings of Rollman et al. (2009) , but to identify a depression treatment program most effective for impacting all areas of HRQOL, including physical functioning. While observational studies (Ormel, Oldehinkel, Brilman, vanden Brink, & Leenstra, 1994) have demonstrated an association between alterations in depressive symptoms and changes in physical functioning status, this relationship is complex. It appears that the link between improved depression and reduced functioning may not contain a direct causal link, rather it is more likely to be bi-directional.
As previously discussed, depression could either be the cause or the consequence of reduced functioning or disability (Simon et al., 1998) .
The Effects of Lifestyle Interventions on HRQOL of Cardiac Patients
Depressive symptoms such as declining motivation, apathy and hopelessness have also been linked to increased risk-factor clustering such as reduced physical activity levels, unhealthy dietary patterns, smoking and alcohol (Verger, Lions, & Ventelou, 2009 ). These behaviours can debilitate physical functioning and also act as mediators in the onset of other medical conditions. Obesity, hyperlipidaemia, hypertension, diabetes, liver disease and cancers may manifest as a result of risk-factor clustering, or the depression itself. In fact, depression is a modifiable risk factor for diabetes (Molife, 2010) . This can thereby impact one's physical functioning and level of disability.
Physical activity interventions have been found to significantly improve physical HRQOL in medically ill patients, for example, a recent study of cancer survivors evaluated the impact of a strength training program, which demonstrated an effect size of 0.54 on physical HRQOL (De Backer et al., 2007) . In cardiac patients, physical HRQOL benefits have been observed, attributable to an educational intervention (Strömberg & Mårtensson, 2003) .
In cardiac patients with depression, the anticipated benefits of combining a lifestyle modification intervention targeting physical functioning with depression treatment that targets mental health functioning become apparent.
For patients with both depression and a medical illness, Gaynes, Burns, Tweed, and Erickson (2002) recommend "adopting a multidimensional approach to HRQOL rather than treating it unidimensionally". To date, the effectiveness of such a program in cardiac populations is unknown. The benefits of treatment have the potential to go beyond mental and physical functioning to improve other important recovery outcomes, including vocational functioning.
The Relationship Between Heart Disease, Depression and Vocational Functioning Work Resumption
The relationship between depression, heart disease and employment is equally complex. After a cardiac event, depression may act as a barrier to work resumption, or conversely may manifest as a by-product of functional restrictions (e.g. exercise, employment). Specifically, long absences from the workforce after a cardiac event may exacerbate depressive symptoms through feelings of social isolation, reduced productivity or stimulation. Equally, returning to everyday activities like work in the post-MI period may promote feelings of self-worth, self-esteem, social connectivity and productivity.
Evidence suggests that the majority of patients will resume work after a cardiac event (Söderman, Lisspers, & Sundin, 2003) . However, those experiencing depression will be slower and less likely to return to work (Schleifer & Macari-Hinson, 1989) , and more likely to experience social problems than their non-depressed peers. These longer absences from the workplace could be further exacerbated by a range of other variables including cognitive factors (e.g. illness perceptions, attitudes to work, values), demographic factors (such as age, location) and environmental factors (e.g. family life, job content and stress (physical and emotional)). The role of depression in work resumption after a cardiac event, however, is more complex than this, when considering that depression appears to be present in a significant proportion of cardiac patients prior to their coronary event. It has been reported in one study that 44% of CAD patients have a prior history of diagnostically defined Major Depression, however the exact figure and the precise sequence of onset of the conditions, remains unclear (Freedland, Carney, Lustman, 
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Rich, & Jaffe, 1992). Since authoritative bodies have identified depression and other psychosocial factors (e.g. stress) as risk factors for heart disease, occupational research in chronic disease populations has become of increasing interest (Bunker et al., 2003) . For example, employment factors such as decision latitude, job strain, high effort-reward imbalance and psychological demands have all been identified as predicting CHD morbidity and mortality (Schnall, Landsbergis, & Baker, 1994) . In cardiac patients, workplace productivity (including physical, psychological and social functioning of an individual while at work (Ellis, Eagle, Kline-Rogers, & Erickson, 2005) ) is a useful measure by which a patient's recovery can be determined. Employment status has also been recognised as an index of the success of rehabilitation efforts (Steger & Chrisholm, 1977) , because both physiological and psychological factors influence vocational outcomes, and both are key components of cardiac rehabilitation. Yet, measuring work resumption alone does not capture productivity once back in the workplace.
Work Performance
Post-MI, patients may be prone to absenteeism (work days lost as a result of illness), presenteeism (attending work while sick at reduced productivity), and lower retention rates. Subjectively, almost one third of cardiac patients feel that their MI has decreased their work performance and output one year after the event (Currell, Urquhart, Wainwright, & Lewis, 2000) . In Western countries such as Australia, CHD and depression are the most common conditions related to unemployment (Bishop & Philips, 2009 Of further importance, is that depression can predict the work outcomes of CHD patients (O'Neil, Sanderson, & Oldenburg, 2010) . This is of particular relevance as MI survival rates and length of working lives are increasing;
indicators of productivity have been identified as "essential in this era of increased attention to resource utilization" (Milani, Lavie, & Cassidy, 1996) . The association between depression and the work performance of cardiac patients has been of much interest in light of epidemiologic and other studies (Stewart, Ricci, Chee, Hahn, & Morganstein, 2003; Whooley et al., 2002) ; depression has been shown to predict poor work outcomes in other chronic disease cohorts (e.g. diabetes) (Von Korff et al., 2005) . The current evidence base indicates that depression, disease severity and age may all act as determinants of work performance (Ellis, Eagle, Kline-Rogers, & Erickson, 2005) .
Epidemiological data have also revealed the long term impact of chronic depression on work outcomes; longitudinal (Druss, Schlesinger, & Allen, 2001 ), community (Broadhead, Blazer, George, & Tse, 1990 ) and primary care (Spitzer, 1995) mental health surveys have reinforced that the presence of chronic depression is correlated with persistent work related impairments. Therefore, there has been much interest in developing efficacious, as well as cost-effective approaches to treating depression in psychiatric populations in order to enhance vocational outcomes.
The Impact of Depression Treatment on Vocational Outcomes of Cardiac Patients
Studies evaluating the key work outcomes of depressed, medically healthy patients have provided promising results; strong links have been identified between enhanced wellbeing and work performance. In fact, it has been argued that mood can improve synchronously with work productivity (Aikens, Kroenke, Nease, Klinkman, & Sen, 2008; WHO, 2001) , reduce absenteeism (Keyes & Grzywacz, 2005; Pelled & Xin, 1999) and predict sound job performance (Cropanzano & Wright, 1999) .
Others have found no effect; Simon et al. (1998) discussing this null finding. They propose a possible delay in visible improvements in occupational functioning compared with depressive symptoms, and subsequently, argue that sustained remission of depression may be necessary to achieve good occupational outcome (Simon et al., 1998) . In other words, although depression treatment has the potential to improve work outcomes, the relationship does not appear to be immediately synchronous. Rather, programs designed to treat depression with the view to enhance work productivity and performance may require evidence of long term sustainability if the effect of an intervention is to go beyond altering depression. Of the existing depression treatment programs that have been evaluated in cardiac populations, few, if any, have evaluated the impact on vocational outcomes. Given the relationship between depression, CHD and work, it is likely that treating depression in cardiac patients would improve vocational functioning either directly or as a by-product of enhancing mood outcomes. While there is limited evidence from clinical trials to support this, such an intervention could be personally, clinically and economically advantageous.
Conclusion
The relationship between depression and CHD is well established. The two conditions often co-exist and there remains compelling evidence that individuals who report this co-morbidity experience a range of poorer outcomes, This remains to be demonstrated in a clinical trial, however" (Dickens et al., 2006) . While a shortcoming of this review is that it is narrative and not systematic, therefore may be subject to bias, the evidence presented in this paper shows some support for depression treatment impacting mental HRQOL and lifestyle interventions, like exercise, benefiting physical HRQOL few programs have applied a multi-faceted approach to treating co-morbid depression in cardiac populations. Combining a depression management program with a lifestyle intervention using a targeted approach, could result in overall HRQOL benefits and subsequently enhance vocational functioning.
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